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Abstract 
The future plans of space agencies and private companies are focused on Mars. This 
is one of the most challenging engineering projects of the 21st century. Due to the long 
distance to Earth, the cost is unaffordable. One way to reduce the mission cost is to 
use as many in-situ resources as possible in order to reduce the supply carried from 
the Earth. Therefore, the focus of the present work is to evaluate and simulate in a 
preliminary design a human manned mission to Mars. These simulations include the 
use of In-Situ Resources Utilization (ISRU) technology and the Environment Control 
and Life Support Systems (ECLSS) of the Mars habitat, as well as the human 
requirement of the crew. After analysing five different scenarios for different number of 
missions, the most convenient option with the technology available nowadays is 
identified for a future human mission to Mars.  
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1. Introduction 
1.1. Aim  
The main objective of this study is to evaluate different In-Situ Resources Utilisation 
(ISRU) technologies through the simulation of several mission scenarios. ISRU 
technologies can reduce the cost of a future manned mission to Mars.  
 
The thesis will also evaluate the cost in terms of payload of the different configurations 
of the technology used, including the Environment Control and Life Support Systems 
(ECLSS) of the surface habitat and the living of the crew during the mission.  
 
Another secondary objective is to evaluate the available resources on the red planet 
and the potential technologies (both ISRU and ECLSS) that may be used in the future.  
 
 
 
1.2. Justification  
Mars is the next big objective for the most space agencies of the world. Some 
unmanned missions have already reached the red planet but the exploration will not be 
completed until a human mission is performed. The majority of the space agencies 
have set Mars in their roadmap for the next years. ([1], [2]) 
 
Near future missions include MAVEN, NASA’s probe that will study in detail the 
atmosphere of the red planet, and missions from the ExoMars program, a joint initiative 
from ESA and the Russian Federal Space Agency (ROSCOSMOS) to search for 
microscopic past or present Martian life. [4] 
 
The need of the study of ISRU technologies is more than justified when talking about 
return missions to Mars. The huge amount of propellant and consumables that should 
be brought from Earth in a mission like this is so big that any try of reducing this cost is 
accepted.  
 
One way of reducing the mass requirements is using Mars resources for obtaining 
propellant for the return trip as well as some consumables if possible. Mars 
atmosphere is mainly composed by carbon dioxide and there are some technologies 
available or in the preliminary design phase that can convert this gas into much more 
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useful components.  
 
Several studies have been conducted regarding this subject, due to the relevance of it 
for the future trends in space engineering. Some important references can be found in 
the literature such as [3], [10], [11], [20] and [23]. 
 
1.3. Scope  
This thesis is a preliminary design and simulation of a human mission in Mars’ surface. 
  
The present work does:  
• Study the state of the art of ISRU technology options. 
• Study the ECLSS technologies fixed as a requirement  
• Design in a preliminary stage the requirements of a surface habitat. 
• Define the ECLSS and ISRU requirements for each scenario simulated. 
• Simulate 5 different mission scenarios. 
• Identify the most convenient option for a human mission to Mars regarding the 
results and technology available.  
• Conduct a preliminary environmental impact study. 
 
The present work does not:  
• Design or study other subsystem of the habitat, such as power source or 
thermal system. 
• Study the effects of radiation, micro-gravity, isolation or other aspects related to 
extra-terrestrial environment crew safety. 
• Simulate in a detailed level any mission, ISRU technology or ECLSS. 
• Include any trip to or from Mars. 
• Study the economical cost of any mission.  
 
 
1.4. Requirements 
During the realisation of this thesis some requirements have been fixed in advance 
concerning the simulations, the ISRU technologies and the ECLSS used in order to 
delimit the study.   
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The simulations must:  
• Include ECLSS and ISRU technologies (if applicable). 
• Work continuously. 
• Ensure that at least 15kg of each vital consumable are left at the end of the 
period studied. 
• Maintain the appropriate living conditions during the entire human mission. 
 
 
The ISRU technologies:  
• Have to be already studied. 
• Need to store all elements produced in the first approach. 
• Must work before the human mission starts, meaning they have to be sent in 
advance. 
• Will include the acquisition system (for water or carbon dioxide). 
• Must respect Mars environment. 
 
The ECLSS:  
• Include the following systems: Electromechanical Depolarized Concentration, 
Static Feed Water Electrolyzer, Vapor Phase Catalytic Ammonia Removal, Air 
Evaporation System, Condensing Heat Exchanger, Sabatier Reactor, Carbon 
Formation Unit and Trace Contaminant Control.  
• Must guarantee all simulation requirements. 
• Must store all elements produced in the first approach. 
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2. State of the art 
2.1. Mars Resources 
To obtain propellant and life support consumables, Mars atmosphere is the main 
source. Mars water will be considered since it is known that it can be found in the 
planet. 
 
Mars soil contains oxygen but processing it is difficult. This option will not be treated in 
this study. 
 
The major chances that Mars resources offer are propellants, for the return trip, and 
water and oxygen, for life support.  
 
2.1.1. Mars atmosphere 
Mars atmosphere contains [3]:  
 Carbon dioxide  95.32% 
 Nitrogen  2.7%  
 Argon   1.6% 
 Oxygen  0.13% 
 Carbon monoxide 0.07% 
 Water vapour  0.03% 
 Nitric oxide  0.013% 
 
Pressure is a parameter that depends on the local elevation and the season but the 
value used will be a rough average, about 0.006 atm. Given this low pressure, for 
carbon dioxide utilisation, it will need to be compressed about a hundred-fold, using 
one of the compression methods described in the “Mars CO2 Acquisition Subsystems” 
section.  
 
2.1.2. Near-surface H2O 
Since 2001, many mission have tried to find water on Mars. Odyssey orbiter (NASA), in 
2002, proved the existence of water near the North Pole. Mars Express (ESA) also 
discovered water in the South Pole in 2003. Nowadays, since 2012, the Curiosity rover 
(NASA) provides scientific data from Mars surface that will be really helpful in future 
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manned missions.[4] 
 
The evidence of near-surface water in some regions of Mars will be taken under 
consideration, which will allow introducing water as one more resource available in the 
Mars surface.  
 
2.1.3.Gravity 
Gravity on Mars is 3.711m/s2 (0.38g). All components and systems must be able to 
work in these conditions. [3] 
 
  
 -20- 
2.2. Mission 
The recent trends for Mars exploration point out that a three-mission set would be the 
best way to achieve the basic scientific goals and justify the huge cost and 
development time. Each mission would be a long-stay mission.  
 
Each crew would visit a different location on Mars. That does not mean that they 
cannot return to a place where another mission has been before in order to reuse life 
supply systems or scientific material. Visiting three different sites is justified for 
scientific reasons, such as exploring and understanding a diverse planet as Mars is. 
 
ISRU and ECLSS technologies will be reused. That means they are going to be sent 
once despite each mission visits a different place on Mars. Either the habitat acts like a 
“central meeting spot” or it, and its equipment, is transported to the new mission place 
at the beginning of a new mission. Further studies are going to determine the exact 
function of the surface habitat.  
 
In addition, to achieve an acceptable level of confidence in the architecture and human 
risk, several tests and demonstrations on Earth, in the ISS, in Earth orbit, on the Moon 
and at Mars will have to be performed before starting the mission. [5] 
 
2.2.1. Goals and objectives 
The main goals and objectives of the first human exploration of Mars are:  
• Planetary Science: understanding Mars’ potential for life, its current and ancient 
climate and its geology/geophysics. 
• Preparation for Sustained Human Presence in the future 
• Ancillary Science: astrophysics, observations of the Sun, Earth, Moon and 
interplanetary environment. These objectives may be important during the 
transit phase for missions to and from Mars. [5] 
 
2.2.2. Duration and crew 
In each mission, a crew of 6 would be on the Mars surface 18 months (539 days) [5] in 
order to perform deep exploration of the surface. Being there for all this time will allow 
accomplishing all goals and objectives of the whole three-mission program. 
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6 people seem to be the appropriate number for achieving a good compromise of skills 
and level of effort for such a complex and long mission. Previous designs and 
psychological studies included a similar crew. [24] 
 
 
2.2.3. Surface habitat 
A surface habitat will be built on Mars before the first mission arrives on Mars. This 
habitat will be placed in a dormant mode between each mission to enable the reuse of 
the installation. The ECLSS systems will maintain the appropriate atmosphere 
conditions for life while the crew is inside, and ISRU systems will provide the majority of 
components needed, as well as propellant for the return trip.  
 
In the experiment Mars500 [6] 550m3 were disposed for the crew. In the ISS the 
pressurised volume available is 946m3 but in that case the crew has arrived to 13 
people at some point. In this study, a total of 500m3 of total pressurised volume will be 
disposed to achieve a good comfort level in the habitat, being about 80m3 per person. 
[7] 
 
2.2.4. Human requirements 
Based on the daily human mass flows, it is possible to quantify the amount of outputs 
and inputs that will intervene during the mission. Those values are shown in Table 1 
and Table 2.  
 
Those values where obtained from the ones calculated in the ISS. To gain comfort in 
the Mars surface habitat, the amount of water available per person has been increased 
in 20%. Human flows have been extracted from the ELISSA software [17]. 
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Component IN Daily (kg/person) Total crew (kg) 
Oxygen 0,84 2716,56 
Potable Water 3,4 10995,6 
Food Solids 0,56 1811 
Hygiene Water 8,84 28588,56 
Laundry Water 15,07 48736,38 
Washing dishes 
water 2,48 8020,32 
Total 31,19 100868,46 
Table 1. Daily per person and during all the mission human mass flows IN 
 
Component OUT Daily (kg/person) Total crew (kg) 
Carbon Dioxide 1 3234 
Vapor Water 1,98 6403,32 
Latent water 1,31 4236,54 
Urine 1,65 5336,1 
Feces 0,18 582,12 
Hygiene water 8,56 27683,04 
Laundry water 14,31 46278,54 
Dishes water 2,2 7114,8 
Total 31,19 100868,46 
Heat 
Production 11,83MJ 38258MJ 
Table 2. Daily per person and during all the mission human mass flows OUT 
 
 
The aim of the application of the ISRU technologies is to be able to supply human life 
consumables without the need of bringing the consumables from Earth, so these 
values are really important. [8] 
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2.3. ISRU Subsystems 
The In Situ Resources Utilization systems are the ones that will allow profiting the 
elements found in the Mars surface or atmosphere, such as water and carbon dioxide. 
The objective is to reduce the amount of consumables brought from Earth.  
 
In order to compare and determine the best option for the ISRU System, the different 
subsystems must be determined. [9] 
 
2.3.a. Mars CO2 Acquisition Subsystem.  
The requirements for CO2 acquisition are to produce pure CO2 at appropriate flow rates 
for the Chemical Conversion System. Three different approaches are considered: cryo-
compressor, mechanical compressor and sorption compressor.  
 
2.3.b. Chemical Conversion Subsystem 
In these subsystems three different methods are studied: Reverse Water-Gas Shift 
(RWGS), Sabatier Reactor (SR) and Solid Oxide Electrolysis (SOE). The combination 
of the RWGS and the SR will also be considered.  
 
2.3.c. Storage 
The need of bringing hydrogen from Earth and to store all elements produced in the 
reactions made by the different ISRU systems is also an important factor. In this first 
approach, the volume and weight of tanks will be estimated very roughly by comparing 
with existing information.  
 
2.3.d. Balance system 
In addition to CO2 acquisition, chemical conversion and propellant storage, ISRU 
systems will need power system, thermal and control system.  
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2.3.a. Mars CO2 Acquisition Subsystem 
Based on the evaluation done within the Study Preliminary System Analysis of ISRU 
for Mars Human Exploration [9], the sorption compressor was relatively massive and 
power-hungry compared to the mechanical compressor and the cryo-compressor. 
Despite some more information about the sorption compressor is provided below, it will 
not be considered. 
 
Producing 0.5kg/hr of CO2, the mass and power requirements for mechanical 
compressor and cryo-compressor are shown in Table 3, for a 0.5kg of treated CO2 per 
hour.  The cryo-compressor method is the clear winner, and so it has been chosen for 
the study approach.  
 Power Mass 
Mechanical Compressor 1790W 240kg 
Cryo-compressor 616W 27kg 
Table 3. Comparison of Mechanical and Cryo compressors CO2 
 
Further information of all three approaches is provided in the next lines.  
 
2.3.a.1.  Cryo-compressor 
Cryogenic compressor was developed and demonstrated by Lockheed Martin 
Astronautics during 2000-2003 [9]. It is a low-power high-compression ratio system. 
The concept used by the cryo-cooler is to chill a surface below the freezing point of 
CO2 and solid material collects. A pressure vessel surrounds the cold surface and is 
locked off when the target volume of CO2 is collected. The frozen CO2 is allowed to 
warm up to ambient temperatures, producing a high-pressure liquid CO2 supply. A 
bypass flow was established with a low-power blower to purge non-condensable gases 
from the freeze chamber. The energy required to freeze CO2 includes cooling the gas 
to the freezing temperature and the heat of sublimation.  
 
Vaporizing the CO2 can be readily accomplished using the relative warmth of the 
Martian environment. Liquid forms and drips into the vessel as the CO2 mass warms to 
the triple point, resulting in a saturated liquid at or near ambient Mars temperatures. 
This pure CO2 supply can be maintained at these high delivery pressures by adding 
sufficient surface area on the vessel walls in the form of fins or support structures to 
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supply enough heat during the outflow phase. These additional fins do not affect the 
acquisition process since the CO2 collects on an internal heat exchanger that is 
separated from the vessel walls. ([3] and [9]) 
 
2.3.a.2.  Mechanical compressor 
The mechanical compressor has been estimated by the criteria of D. Rapp and L. Clark 
used in their 2004’s study: it was estimated by taking the known characteristics of an 
existing commercially available mechanical compressor that fitted the requirements. 
The mechanical compressor would need a membrane of CO2 purification to accomplish 
the requirements. Previous studies have shown that the Cryo-compressor has better 
performance than the mechanical compressor. ([9]) 
 
2.3.a.3. Sorption Compressor 
A sorption compressor works by alternately cooling and heating a sorbent material that 
absorbs low-pressure gas at low temperatures and drives off high-pressure gas at 
higher temperatures. By assuming moderate latitude placement, during night low 
temperature (200K) will make CO2 be adsorbed by the sorbent material. During the 
day, when solar power is available, the adsorbent is heated in a closed volume, 
thereby releasing almost pure carbon dioxide at higher pressures for use in a 
conversion reactor. [3] 
 
Figure 1. Mars sorption compressor cycle (1 torr = 0.001316 atm) [3] 
 
Figure 1 shows the four basic steps of the cycle:  
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• A → B: Heating at constant volume. In the early morning at Point A  (200K, 
6torr) with the zeolite material fully saturated with CO2, the sorption bed is 
heated to drive off CO2 until eventually, at Point B (340K, 815torr), the pressure 
has risen to a point where reactor operation is possible. 
• B → C: Heating at constant pressure. In the late morning, at Point B (340 K, 
815torr), a valve is opened allowing CO2 to flow to the reactor. As the day 
progresses, the sorbent bed gradually becomes depleted, and it takes higher 
and higher bed temperatures to maintain the pressure at 815 torr. By late 
afternoon, the sorbent bed is essentially depleted for all practical purposes 
(Point C) and the heaters are turned off. 
• C → D: Cooling at constant volume. At the end of the day, at Point C (450 K, 
815 torr) all valves are closed, and the cooling cycle begins. Heat from the bed 
is dumped to a radiator, cooling the sorbent material. Once Point D is reached 
(340 K, 6 torr), the pressure of the sorption compressor is equal to the ambient 
pressure and a valve can be opened to the Mars environment allowing 
adsorption to occur overnight. 
• D → A: Cooling at constant pressure. For the remainder of the evening, the 
sorbent bed cools as heat is dumped to the radiator. By the end of the evening, 
the sorbent material is fully saturated with CO2 at 6torr and 200K (Point A), and 
the entire cycle is ready to begin again. 
 
There are many problems concerning the sorption compressor:  
! Selection of sorbent material 
! Removal of non-CO2 gases 
! Efficient daytime heating to minimize input power requirements 
! Night-time cooling, it must be produced rapidly 
! Dust filtration 
! Pressure drop through sorption bed 
 
Jet Propulsion Laboratory and Lockheed Martin Astronautics developed a compressor 
that demonstrated than many problems exist in sorption compression. Using a gas 
mixture similar to Mars atmosphere, the performance of the compressor was widely 
reduced, the capacity of the sorbent bed dropped to one third of the value in pure CO2, 
being 3kg/day to 1kg/day. The performance observed in the other compressors is 
largely better. [3] 
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2.3.b. Chemical Conversion Subsystem 
In order to establish the best process for the production of human vital supplies and 
fuel, three technologies are going to be evaluated below: (1) Reverse Water-Gas Shift, 
(2) Sabatier/Electrolysis and (3) Solid Oxide Electrolysis, as well as (4) a combination 
of the use of RWGS and S/E.  
 
2.3.b.1. Reverse Water-Gas Shift (RWGS) 
The water-gas shift reaction is widely used by industry to convert CO and H2O to 
hydrogen. However, if reaction conditions are adjusted to reverse the reaction, CO2 can 
be converted to water:  
 
CO2 + H2 ⇒CO + H2O  (Catalyst required)  (1) 
 
Water can be electrolyzed to obtain oxygen:  
 
2H2O + electricity ⇒2H2 + O2   (2) 
 
There is a problem in taking the reaction to completion. At higher temperatures 
(>600°C), the equilibrium is most likely to be produced. Completion can be produced as 
well by overloading the reactor with one of the reaction components and forcing the 
other to consume completely.  
 
Ideally, all the hydrogen used in the first reaction is regenerated in the electrolysis 
reaction, so no net hydrogen is required. Actually, some hydrogen will probably be lost 
if the first reaction does not go to completion, although use of hydrogen recovery 
membrane can minimize this loss ([10], [11]).  The RGWS diagram is shown in Figure 
2. 
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Figure 2. RWGS diagram [3] 
 
2.3.b.2. Sabatier Electrolysis 
In the Sabatier/Electrolysis (S/E) process, hydrogen is reacted with compressed CO2 in 
a heated chemical reactor. The reactor is just a tube filled with catalyst. It is an 
exothermic reaction so the waste heat is theoretically available for other purposes.  
 
CO2 + 4H2 ⇒ CH4 + 2H2O    (3) 
 
2H2O + electricity ⇒ 2H2 + O2    (4) 
 
As shown in the reaction of Equation 3, hydrogen must be brought from Earth. Despite 
that, since water is available in Mars, it could be used to produce hydrogen and reduce 
the amount of hydrogen needed from Earth. A favourable equilibrium is found at lower 
temperatures, 200-300°C. 
 
In order to reduce the requirement for hydrogen, it is possible to use water from the 
Mars surface as it has already exposed. There are many other alternatives as well, 
including using the RWGS as a second conversion process (exposed at “2.3.b.4. 
Combination of RWGS and S/E”), or recover hydrogen from the excess methane 
produced by S/E process in a partial oxidation with carbon dioxide ([11], [3]). Figure 3 
shows the S/E flow diagram. 
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Figure 3. Sabatier Electrolysis Process Flow Diagram [3] 
 
2.3.b.3. Solid Oxide Electrolysis 
The Solid Oxide Electrolysis (SOE) process dissociates Martian CO2 into O2 and CO 
via a high temperature (about 1000°C) electromechanical process through a thin-
zirconia membrane. The overall result is shown in Equation 5.  
 
2CO2 ⇒2CO + O2     (5) 
 
The application of this technology in power supplies generators for buildings has 
demonstrated the main problem of SOE: the fragility of the ceramic membrane.  
 
It is possible to use CO as propellant but it is a low Isp fuel (290 s) and CO/O2 mixture is 
difficult to ignite and maintain ignition. But SOE process could be used as an extra 
supplier of oxygen, which could be used to combust the fuel produced by the other 
processes.  [3] 
 
2.3.b.4. Combination of RWGS and S/E 
As it has been demonstrated in previous sections, RWGS and Sabatier/Electrolysis 
methods have a lot in common. Indeed, they can share many of the subsystem 
components. Both reactors are mainly the same except for the catalyst. They share as 
well a similar condenser and the same water electrolysis system.  
 
The Sabatier reactor can be used to provide the heat required to drive the RWGS 
reactor, although the thermal power required by RWGS is less than that produced by 
the Sabatier reactor. If a Sabatier reactor is running at a rate of 1 unit of Equation 3 is 
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lain side by side in direct thermal contact with a RWGS reactor running at a rate of 2 
units of Equation1, the net reaction of the combined system will be:  
 
3CO2 + 6H2 ⇒ CH4 + 4H2O + 2CO   (6) 
 
The overall result is exothermic, requiring no net input power to operate. When doing a 
water electrolysis combined with the process described in equation (6), the net result is 
the production of 4kg of methane and 16kg of oxygen for every kg of H2 imported from 
Earth.  
 
To obtain the best results, RWGS must be taken to completion. Some easy ways to 
accomplish that are:  
a) Overload the reactor with CO2 to force the complete consumption of the 
hydrogen and then recycle the excess of CO2 back into the reactor.  
b) Overload the reactor with H2 to force the complete consumption of the CO2 
and then recycle it. [3] 
 
2.3.c. Storage 
The storage is not just an ISRU requirement; it is needed for the ECLSS system as 
well. All the storage characteristics explained in these lines are applicable to the tanks 
used in the ECLSS system as well.  
 
Consumables that must be stored include gases (oxygen, nitrogen, carbon dioxide, 
etc.), liquids (water, urine, brine) and solids (food, solid waste).  
 
Solids and liquids can be stored easily. However, gases need to be stored in a special 
way. Three ways of gas storage are employed in space missions:  
• High pressure storage (HP) 
• Cryogenic storage (CR) 
• Storage in the form of chemical compounds 
 
The gas stored in HP is at ambient temperature and compressed at several hundred 
atmospheres. This storage is the simplest and most reliable method although it 
requires high structural mass and it presents certain risk. [7], [12] 
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It is possible to achieve higher densities with the CR storage with reduced tank mass 
and higher safety compared to HP storage. But there are some problems with partial 
evaporation and phase mixing inside the tanks.  
 
Considering storage in the form of chemical compounds, it is normally used as 
emergency system of for leakage makeup and it is less performing than cryogenic 
storage. [3], [8], [12] 
 
HP and CR storages have been considered for gases in the different scenarios. Tanks 
requirements can be consulted in Annex – I, for each mission studied.  
 
2.3.d. Balance system 
In addition to the others subsystems described, ISRU systems will need a control 
system, support structure, thermal control and power source. Those have been 
grouped into the balance system that will provide support to all non-studied 
requirements in this preliminary study.   
 
The balance system specifications will be estimated as the 20% of the mass, 25% of 
the volume and 20% of the power required for each ISRU system considered.  
 
The balance system includes power generation. During this preliminary study it has 
been considered that the systems are using a continuous power source, such as 
nuclear. If solar energy were the chosen power source, the daytime-only operation 
would have to be considered. [9]   
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2.4. ECLSS 
The Environmental Control and Life Support System (ECLSS) is a system that provides 
or controls atmospheric pressure, fire detection and suppression, oxygen levels, waste 
management and water supply. The system processes, controls and stores all 
components used and produced by the crew.  
 
In this study, the most promising systems for a long-type mission according to the 
literature ([12], [13]) have been used in order to approximate as much as possible the 
simulation to the reality. Some of them are already in use in the ISS and some others 
are still in the development and testing phase.  
 
2.4.1. Electrochemical Depolarized Concentration (EDC) 
The EDC method is based on the principles of the fuel cell. Carbon dioxide from cabin 
air is on the cathode side which reacts with water oxidized into hydroxyl ions, and than 
migrates to the anode. There, water reacts with carbonate ions to form carbon dioxide 
and hydroxyl ions, which become water by the circulating hydrogen.  During this 
reaction, DC power and thermal energy are released. A working scheme is shown on 
Figure 4. [7] 
 
 
Figure 4. Principle of EDC [7] 
  
So the main purpose of EDC is to extract carbon dioxide from the cabin and store it into 
the CO2 tank. The vapour of water produced by reaction shown in Equation 7 is 
directed to the cabin atmosphere.  
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  CO2 +H2 + ½ O2 ⇒ CO2 + H2O + Etherm + Eelectr    (7) 
 
A flow diagram of the EDC is shown in Figure 5. Hydrogen is fed directly from the tank 
and oxygen is fed as a flow coming from the cabin air.  
 
The main working parameters of the EDC are exposed in Table 4 (equipment designed 
for 4 people), as well as the flow diagram in Figure 5 in kg per day at maximum flow 
rate. [8] 
 
Figure 5. EDC flow diagram 
 
Weight 44,4kg 
Volume 0,0713m3 
Heat Generated 0,336kW 
Power Required 
0,148kW (AC) 
0,106kW (DC) 
Table 4. EDC main parameters [8] 
 
2.4.2. Static Feed Water Electrolyser (SFWE) 
Instead of storing oxygen, the best option is using water to produce it, due to many 
reasons:  
! water has chemically inert behaviour; 
! water has a higher density than gases; 
! water has a safe and easy handling and storing.  
 
The SFWE is the best option to generate oxygen and hydrogen.  
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Figure 6. SFWE principle [7] 
 
As shown on Figure 6 water circulates through a chamber, which is separated from the 
electrolysis cell by a water-permeable membrane. It passes into the chamber in which 
the electrolysis takes place by diffusing through the hydrogen vapour space. The 
electrolyte is held in its chamber by gas permeable membranes, these membranes 
serve as electrodes. The circulating water stream carries off the produced heat. [7] 
 
The overall reaction of SFWE is the one exposed in Equation 8. 
 
H2O ⇒ H2 + ½ O2      (8) 
 
Flow diagram of an SFWE operating at the maximum rate is shown in Figure 7. SFWE 
flow diagram and its main requirements are presented in Table 7. [14] 
 
 
Figure 7. SFWE flow diagram 
 
Weight 113kg 
Volume 0,00014 m3 
Heat Generated - 
Power Required 1,47kW (peak 2,35kW) 
Table 5. SFWE main parameters [14] 
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2.4.3. Vapor Phase Catalytic Ammonia Removal (VPCAR) 
The VPCAR is an evaporation-oxidation process used as a treatment of the 
wastewater. As a result of this process, clean water, nitrogen, carbon dioxide and brine 
are produced. Oxygen is also fed in VPCAR in order to complete the reaction, as 
shown Figure 8, at the maximum work tax. Its values have been obtained from the 
ELISSA software. [17]    
 
VPCAR main parameters are exposed in Table 6.  
 
 
Figure 8. VPCAR flow diagram 
 
Weight 283kg 
Volume 1,57m3 
Heat Generated 2,38kW 
Power Required 2,38kW 
Table 6. VPCAR main parameters [8], [12] 
 
2.5.4. Air Evaporation System (AES) 
The AES subsystem uses a distillation process to treat the concentrated water in the 
brine tank. It retains dissolved salts on a fiber wick housed in the evaporation system. 
Water vapour is condensed and collected in the condensate tank (Figure 9). It can run 
continuously. [15] 
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AES main parameters are exposed in Table 7  
 
 
Figure 9. AES flow diagram 
 
Weight 178kg 
Volume 0,05m3 
Heat Generated 0,852kW 
Power Required 0,852kW 
Table 7. AES main parameters [12] 
 
 2.5.5. Condensing Heat Exchanger (CHX) 
The CHX provides temperature and humidity control. The cabin air enters through a fan 
into the system. Inside, the air is cooled below its dew point and the air stream is 
centrifuged for doing the phase separation. Then, the air is blown back into the cabin. 
[7] 
 
The CHX can treat maximum 4kg/d of air-condensed water. The water extracted from 
the atmosphere is pumped into the wastewater tank. Table 8 shows CHX main 
parameters.  
 
Weight 96,161kg 
Volume 0,5m3 
Heat Generated - 
Power Required 0,705kW 
Table 8. CHX main parameters [12], [14] 
 
2.5.6. Sabatier Reactor 
This Sabatier Reactor used in the ECLSS has the same principle of the one used in the 
ISRU system (Part 2.3.b.2, equation 3). It is used to obtain water from carbon dioxide, 
which is produced by the astronauts and filtered by the EDC (Part 2.4.1) into the CO2 
tank.   
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The productivity of one single Sabatier Reactor at 1kg/day of CO2 rate is shown in 
Figure 10. The Sabatier Reactor used on the simulations has an inlet rate of 5kg/day 
and its parameters are exposed in Table 9.  
 
 
Figure 10. Sabatier Reactor flow diagram 
 
Weight 43kg 
Volume 0,8m3 
Heat Generated 0,289kW 
Power Required 0,05kW 
Table 9. Sabatier Reactor main parameters [12] 
 
2.5.7. Carbon Formation Unit (CFU) 
The CFU (PYRO from now on) is a pyrolytic decomposition of the methane produced 
by the Sabatier Reactor into hydrogen and elemental carbon. This process follows the 
equation:  
 
CH4 + Etherm ⇒ C + 2 H2      (9) 
 
The operational flow in the maximal working conditions (in kg per day) is simplified in 
Figure 11.  
 
Figure 11. PYRO (CFU) flow diagram 
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The main parameters of a PYRO system are exposed in Table 10.  
 
Weight 154kg 
Volume 0,8m3 
Heat Generated 0,099kW 
Power Required 0,448kW 
Table 10. PYRO main parameters [12] 
 
2.5.8. Trace Contaminant Control (TCC) 
The trace contaminant management system protects the crew form hazardous 
contamination through airborne biological and chemical contaminants, including 
particulates, in the closed environment of a space habitat. The system has to control 
the contaminants below their Space Maximum Allowable Concentrations (SMAC), 
established for the different contaminants. The most important are carbon monoxide 
and vapour water. [8] 
 
Although this is an important system, it has not been considered in the simulations as 
particles are not considered in them. In any real ECLSS system, the Trace 
Contaminant Control System will be included.  
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3. Simulations: method  
Five different scenarios have been held in order to determine which is the best option 
in a 539-day mission in the Mars surface:  
! Scenario 1: Non-ISRU mission 
! Scenario 2: ISRU mission using S/E 
! Scenario 3: ISRU mission using RWGS 
! Scenario 4: ISRU mission using Solid Oxide Electrolysis 
! Scenario 5: ISRU mission using a combination of S/E and RWGS 
 
It has been considered that all systems work continuously and human requirements are 
continuous as well. The time step for calculation has been fixed in 1 minute for the 
ECLSS phase (human mission) and in 1 hour for the ISRU phase (previous time of 
production).  
 
3.1. Simulation Requirements 
3.1.1. Atmosphere conditions 
To ensure the habitability of the Mars habitat, the atmosphere conditions of the ISS 
have been used:  
! Temperature: 24ºC  
! Pressure: 1 atm 
! Atmosphere composition: 21% oxygen, 79% nitrogen 
! Relative humidity: 40% 
 
To regulate the system temperature of the atmosphere, a cooling system would be 
required. As the same system would be used for all described scenarios, the cooling 
system has not been taken into account, to simplify the models. During the simulation 
the temperature has been taken as constant. 
 
The pressured volume of the surface habitat has been estimated to 500m3, as fixed in 
Chapter 2. 
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3.1.2. Leakage 
As a non-perfect system, the atmosphere habitat will suffer leakage; its value has been 
calculated in comparison to those obtained from the ISS. Leakage has been modelled 
as a total of 0.25kg of air per day for each 100m3, including all elements present in the 
atmosphere. (Adapted from [16]) 
 
3.1.3. Tanks 
The simulation has been designed under the basis of existing and infinite-capacity 
tanks for storing all the elements. The following tanks have been considered: 
• Clean water 
• Oxygen 
• Hydrogen 
• Nitrogen 
• Dirty water 
• Carbon dioxide 
• Carbon 
• Methane 
• Dirty water 
• Brine 
• Food 
• Feces (or solid waste) 
• Extra tanks depending on simulation requirements for fuel storage or other 
components derived from ISRU utilisation 
 
3.1.4. Objective 
The aim is to create a program based on Matlab language which simulates each 
scenario for the entire mission: a first production period where, if applicable, ISRU 
systems are used to obtain resources and a second period in where the 539-days 
human mission is taken. In the second period the living of the 6 astronauts of the crew 
is simulated as well as the ECLSS system and its interactions. This will allow 
determining which components (systems and tanks) are required for each scenario. 
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The simulation gives as an output the evolution of every consumable tank depending 
on ECLSS and ISRU components agreed at the beginning. 
 
In order to validate the system, the results of the simulation without ISRU have been 
compared with the results obtained with the ELISSA software from the Institute of 
Space Systems – University of Stuttgart [17]. ELISSA (Environment for Life-Support 
Systems Simulation and Analysis) is a software based in Labview to design, evaluate 
and compare different ECLSS designs. The discordance observed between the two 
simulations was lower than 4% in average (the maximum was 13% in one variable). It 
is important to remark that ELISSA is a complex simulation system that includes more 
parameters in the simulation. Therefore, the non-ISRU simulation results are 
considered valid, and the level of confidence of the ECLSS model is high.  From this 
first simulation (named Scenario 1) all other cases of study have been developed. 
 
3.1.5. Post-treatment 
After every simulation is completed, the total weight, volume, required power and 
generated heat for all components will be analysed. Those values will be used to 
calculate the Figures of Merit exposed below in order to give an objective view to 
decide which option would be more appropriate for the studied mission. 
 
3.1.5.1. Figures of Merit (FM) 
• Equivalent System Mass (ESM). This FM represents the sum of mass, volume, 
power, cooling and crew time requirements of a system. The ESM is an 
approach of cost in terms of payload of the system (as the launch cost of the 
mission is proportional to the mass to be launched). The relation between all 
requirements is performed by equivalency factors in order to convert all these 
into kilograms. It is calculated with Equation 10. ([18] and [19]) 
ESM = M + (V · Veq) + (P · Peq) + (CT · D · CTeq)   (10) 
Where: 
 ESM is the Equivalent System Mass of the system studied [kg] 
 M is the total mass of the system [kg] 
 V is the total pressurized volume of the system [m3] 
Veq is the mass equivalency factor for the pressurized volume of the 
system [kg/m3] 
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 P is the total power requirement of the system [kWe] 
Peq is the mass equivalency factor for the power generation 
infrastructure [kg/kWe] 
 C is the total cooling requirement of the system [kWth] 
 Ceq is the mass equivalency factor for the cooling infrastructure [kg/kWth] 
 CT is the total crew time requirement of the system [CM-h/y] 
 D is the duration of the mission segment of interest [y] 
 CTeq is the mass equivalency factor for the crew time support [kg/CM-h] 
 
The equivalency factors will vary for each mission. Table 11 shows the 
Equivalence factors for ESM for a Mars Habitat Mission. 
 
Equivalence 
Factor Value Units 
Veq 215,5 kg/m3 
Peq 228 kg/kWe 
Ceq 146 kg/kWth 
CTeq 1,25 kg/CM-h 
Table 11. Equivalence factors for ESM [18] 
 
• Propellants produced (FM2). Ratio of the mass of useful propellants produced 
to the mass of the ISRU system, this FM2 will indicate the effectiveness of the 
ISRU system. This FM2 will not be useful when comparing with the first 
scenario, the non-ISRU option. [9] 
 
• Mass of propellants (FM3) Relation between the mass of propellants that must 
be brought from Earth in a non-ISRU mission to the mass of the ISRU system. 
[9] 
 
Another significant value would be the cost of each mission (which should include 
developing and manufacturing costs). It can only be defined in a detailed design phase. 
The objective of this thesis in a preliminary design, consequently this parameter will not 
be determined.  
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3.2. Scenario 1: Non-ISRU mission 
The first scenario includes physico-chemical ECLSS components but no utilization of 
Mars resources. The physico-chemical systems can recycle air, water and waste. 
 
This first simulation replicates a mission with the use of only Earth elements and an 
ECLSS system inside the Mars habitat.  Propellants for the return trip will be brought 
from Earth.  
 
3.2.1. Simulation subsystems 
The sizing of the subsystems used in every simulation has been done under the basis 
of using as less tanks as possible, implying that all residuals will be treated for reuse 
and recycle until there is no more option than storing them.   
 
The systems used in this simulation are:  
! 2 x EDC 
! 2.25 x SFWE (2 fully operational, 1 at 25%) 
! 1.266 x Sabatier Reactor (1 fully operational, 1 working at 26.6%) 
! 3 x PYRO 
! 1 x CHX 
! 1 x VPCAR 
! 1 x AES 
 
In Figure 12 a working scheme of simulation is shown. The tanks on the right allow 
storing all consumables used to create the appropriate environment for the 6 
astronauts. The interactions between all systems and tanks are presented. 
 
Nitrogen and oxygen levels are also represented in the graph. At every loop oxygen 
and nitrogen are added, to maintain a 21% volume of oxygen in the atmosphere and 
maintain the total pressure at 1atm.  
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Figure 12. Non-ISRU simulation flow diagram 
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3.3. Scenario 2: ISRU mission using S/E 
The Sabatier/Electrolysis simulation has been developed under the following 
hypothesis:  
! All reactions are completed 
! Mars water is available for extraction   
! There is no limit for water extraction 
! Efficiency: 100% 
 
The main difference between Scenario 1 (only ECLSS intervene) and further scenarios 
is the capacity to produce fuel for the return trip and other elements as life supply. The 
objective is to simulate an environment that is capable to produce and store enough 
methane and oxygen amount before the crew arrives for its mission (or other 
propellants depending on the ISRU technology). This time-lapse will allow increasing 
mission’s safety as the fuel availability will be assured.  The producing period will 
depend on each method used.  
 
The production target for fuel is:  
• Methane: 1022kg [9] 
 
Two different configurations have been studied for the S/E case:  
1. Using a small Sabatier Reactor during the ISRU phase to produce the 
necessary oxygen for propellant use and extra 50kg for life supply plus 125kg of 
methane. During the ECLSS phase, the Sabatier Reactor is reused plus another 
Sabatier (the same used in Simulation 1). Methane produced by the two 
Sabatier reactors is stored as propellant.  
 
2. Using a big Sabatier Reactor during the ISRU phase in order to produce the 
necessary oxygen and methane for propellant and some extra amount of 
oxygen for life support. Reuse that Sabatier reactor for processing the carbon 
dioxide during the ECLSS phase and some more extra methane that will be 
treated in order to obtain hydrogen. 
 
As it will be demonstrated in the results section, a high amount of hydrogen is 
produced in both options of this ISRU scenario. The only available option would be to 
release this hydrogen into the Mars environment. If in future studies this scenario is 
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discarded due to environmental effects, the S/E ISRU system will be automatically 
discarded.  
 
In the first option, only the amount of hydrogen needed during the human mission will 
be stored. In the second one, no hydrogen will be stored and methane produced by the 
PYRO system will be treated and separated into carbon and hydrogen.  
 
3.3.1. ECLSS + S/E. Option 1 
3.3.1.1 Simulation subsystems 
The mission can be divided in two steps:  
(1) arrival of ISRU subsystems for fuel and life support producing,  
(2) arrival of crew for human mission development.  
 
In Figure 13, those two phases are represented. Phase 1 is on the right, where 
Sabatier and Electrolysis reactors are represented. Phase 2 is on the left, and 
represents the ECLSS subsystems that are used under S/E ISRU utilization conditions.  
 
Due to safety reasons, the crew must not arrive before all fuel needed in the return trip 
is produced, in this case 125kg of methane and all the oxygen needed for fuel as it is 
sure that the rest of methane will be produced while the human mission. During this 
period, some extra oxygen will be produced. When oxygen tank for fuel consumption is 
full, this excess will go into the ECLSS oxygen tank for life support.  The amount of 
oxygen reserved for fuel consumption will be increased by 15%. 
 
Water will be treated in two ways:  
(1) Mars water will be extracted and electrolysed to produce hydrogen for the 
Sabatier Reaction and oxygen for fuel and life;  
(2) Water resulting from Sabatier Reactor will be stored in the ECLSS tank, as a 
life supply. Water stored in the ECLSS tank will be 15kg. The rest will be 
mixed with water obtained from Mars to be electrolysed in order to reduce 
the amount of water needed from Mars.  
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Once the crew arrives, the ECLSS system will start working. As water and oxygen for 
life support have been obtained, the structure of this ECLSS system will change:  
 
! 2 x EDC 
! 2.25 x SFWE  
! 1 x Sabatier Reactor (the same used in ISRU) 
! 1.27 x Sabatier Reactor (the same used in only-ECLSS mission)  
! 0 x PYRO 
! 1 x CHX 
! 1 x VPCAR 
! 1 x AES 
 
Despite no water recycling or brine treatment would be necessary (or at least not all) 
due to presence of water in Mars, it will be treated and recycled for environment 
preserving reasons.   
 
The treatment that methane receives is the main difference between this scenario and 
the first one. As methane is automatically stored in the fuel tank in this configuration the 
PYRO system is not needed. Furthermore, this system produces more methane than 
the first one through the introduction of the ISRU Sabatier Reactor in addition to those 
existing in the ECLSS system.  
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Figure 13. S/E option 1 simulation flow diagram 
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3.3.2. ECLSS + S/E. Option 2 
In this configuration, it is required to produce all methane needed for the return trip, as 
methane produced during the human mission will be treated to obtain hydrogen.  
 
3.3.2.1 Simulation subsystems 
In this scenario all methane needed for fuel has already been produced when human 
mission arrives. Thus, methane produced by the ECLSS Sabatier Reactor is treated by 
PYRO system in order to produce hydrogen, allowing the use of a smaller tank for 
hydrogen as it is being produced gradually. The ISRU Sabatier Reactor will be reused 
in the ECLSS system. Subsequently, only one Sabatier Reactor is required.  
 
In Figure 14, all subsystems are displayed. Its structure is:  
! 2 x EDC 
! 2.25 x SFWE  
! 1 x Sabatier Reactor (the same used in ISRU) 
! 2 x PYRO 
! 1 x CHX 
! 1 x VPCAR 
! 1 x AES 
 
The structure is the same as the only-ECLSS scenario except from the reusing of the 
ISRU Sabatier. Only two PYRO systems are required in this case for two reasons: 
firstly the reused Sabatier Reactor produces less methane than in the first case and 
secondly because it is not a requirement to treat all methane as the remaining amount 
is stored as extra fuel for the return trip. 
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Figure 14. S/E option 2 simulation flow diagram 
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3.4. Scenario 3: ISRU mission using RWGS 
The scenario of a mission using a Reverse Water-Gas Shift ISRU technology was 
simulated under the following hypothesis:  
! All reactions are completed 
! Efficiency: 100% 
! All systems work continuously 
 
The RWGS system produces carbon monoxide, which can be used as fuel in a CO/O2 
combination. Despite that, as no exact values of fuel requirements have been found in 
literature, hydrazine and oxygen will be considered as propellants. Thus, carbon 
monoxide will be stored due to environmental reasons, and its utility as propellant for 
mars vehicles should be studied in the future. The option of releasing this CO has been 
considered as a second case of study even if its environmental risk should be 
determined in further studies.  The target fuel production is:  
• Oxygen: 3394kg  
 
In addition, 1415kg of hydrazine will be brought from Earth. [9] 
 
The following simulations will need a carbon dioxide acquisition system. From those 
studied in Chapter 2, the cryo-compressor has been chosen, as it is the one offering 
the best performance.  
 
3.4.1. Simulation subsystems 
Like in Scenario 2, the two phases of this mission are shown in Figure 15. The RWGS 
and the water electrolysis systems (on the right) produce oxygen and carbon 
monoxide. The water electrolyser system is the one who will produce that oxygen, as it 
processes all water obtained from the RWGS system. The only Mars resource used is 
carbon dioxide from the atmosphere.  
 
During human mission, the following ECLSS system will be used:  
! 2 x EDC 
! 2.21 x SFWE 
! 1 x VPCAR 
! 1 x AES 
! 1.22 x Sabatier 
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! 2 x PYRO 
! 1 x CHX 
 
Instead of using 3 PYRO systems like in the only-ECLSS scenario, in this case only 2 
are required as the Sabatier Reactor and the SFWE work in a smaller tax due to 
oxygen obtaining from Mars resources. 
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Figure 15. Simulation 3 flow diagram  
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3.5. Scenario 4: ISRU mission using SOE 
The scenario of a mission using a Solid Oxide Electrolysis ISRU technology was 
simulated under the following hypothesis:  
! All reactions are completed 
! Efficiency: 100% 
! All systems work continuously 
 
Like in the RWGS case, an oxygen/hydrazine propellant has been chosen. As 
explained in Section 3.4 the use of carbon monoxide has been discarded as no 
references have been found in the literature. Its treatment will be the same: in one case 
carbon monoxide will be stored and in the second it will be released into the 
atmosphere.  
 
3.5.1. Simulation subsystems 
During the first phase, only the ISRU system intervenes. It produces oxygen for fuel 
and a bit over-production for life support purpose.  
 
At the moment the crew arrives into the habitat, the ECLSS system starts. Its structure 
the same as in the RWGS configuration:  
! 2 x EDC 
! 2.21 x SFWE 
! 1 x VPCAR 
! 1 x AES 
! 1.22 x Sabatier 
! 2 x PYRO 
! 1 x CHX 
 
In Figure 16 a diagram of this simulation is shown.    
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Figure 16. Simulation 4 flow diagram  
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3.6. Scenario 5: ISRU mission using a combination of S/E and RWGS 
The combination of the two ISRU systems (S/E and RWGS) avoids the need of using 
Mars water and produces methane at the same time. The simulation was held under 
the individual hypothesis of each system. This system could be used if water is not 
available in the place of interest or it is too difficult to extract.  
 
During the ISRU phase, both methane and carbon monoxide are produced, being the 
combination methane/oxygen the propellant chosen for the return trip. Carbon 
monoxide could be used as fuel for surface vehicles during the human mission.  
 
3.6.1. Simulation subsystems 
During the ISRU production period, both RWGS and Sabatier Reactor will work 
together with the water electrolyser. When the fuel oxygen tank is full, a life support 
tank will start storing all the over-produced oxygen. This combined system is shown in 
Figure 17 together with the ECLSS system.  
 
Concerning the ECLSS system, its configuration is the following:  
! 2 x EDC 
! 2.25 x SFWE 
! 1 x VPCAR 
! 1 x AES 
! 1.27 x Sabatier 
! 1 x Sabatier ISRU (reusing of the first phase system) 
! 2 x PYRO 
! 1 x CHX 
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Figure 17. Simulation 5 flow diagram  
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4. Results 
After every simulation is concluded an analysis of the following parameters will be held 
for each one:  
! Habitat Atmosphere Evolution 
! Tank evolution 
! Supplies needed 
! System requirements 
! Figures of Merit 
 
After every simulation is studied, a comparison between the five options will be done.  
4.1. Mars habitat atmosphere evolution 
For all simulations, the evolution of the atmosphere within the habitat has been 
checked. The results are the same for all the simulations, as the requirements to 
ensure the appropriate vital conditions, pressure, relative humidity and atmosphere 
components, are equal for all scenarios. Figure 18 and Figure 19 show that both 
pressure and relative humidity are constant and equal to the initial set conditions. 
 
In Figure 20 the evolution of mass of the Mars habitat atmosphere components can be 
observed. Nitrogen, oxygen and vapour water percentage in the atmosphere remain 
constant. Carbon dioxide extraction works in perfect conditions and its presence in the 
atmosphere is the appropriate, being almost negligible.  
 
 
Figure 18. Pressure Evolution 
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Figure 19. Humidity Evolution 
 
 
 
 
 
Figure 20. Atmosphere Components Evolution 
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4.2. Scenario 1: only ECLSS 
4.2.1. Tanks evolution 
Figure 21 and Figure 22 represent the tank evolution during the 539-day mission. 
 
Figure 21. Tanks Evolution in Scenario 1 (1/2) 
 
 
Figure 22. Tanks Evolution in Scenario 1 (2/2) 
 
The initial and final values of each tank are specified in Table 12. Food is the main 
resource in terms of mass that must be brought from Earth; it has the same evolution in 
every simulation, as the human requirements do not change.  
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While methane has been obtained from the Sabatier Reactor, it has been reacted to 
obtain hydrogen. Due to this methane treatment, carbon residuals are relatively high 
and its storage must be considered, as no recycling or reusing is available.  
 
Tanks Initial [kg] Final [kg] 
C 0 929 
CH4 0 0,0016 
CO2 0 0,00045 
H2 5 81 
N2 500 17,52 
O2 10 19,26 
Brine 0 0,0025 
Clean H2O 100 123 
Dirty H2O 0 0,13 
Feces 0 582 
Food 2000 189 
Table 12. Initial and Final values of Scenario 1 tanks 
 
4.2.2. Supplies needed 
The required supplies that must be brought from Earth to survive during the mission 
are exposed in Table 13. A 10% increment has been applied to all of these for safety 
reasons.  
  
In normal condition just a very few water and oxygen must be supplied. However, it will 
be considered that a certain amount of these elements will be brought, in case any 
problem occurs.  
 
Element Mass needed [kg] Mass supplied [kg] 
N2 482 530 
Food 1811 2000 
O2 - 10 
Clean H2O - 25 
Table 13. Supplies needed in Scenario 1 
 
As in this case, no propellant is produced before or during the manned-phase of the 
mission, it must be considered as a supply needed to be brought from Earth. Table 14 
specifies the amount of oxygen and methane required. A 10% more of methane and a 
15% more of oxygen has been contemplated. 
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Fuel Element Mass needed [kg] Mass supplied [kg] 
CH4 1022 1125 
O2 3065 3525 
Table 14. Fuel requirements for return trip 
4.2.3. System Requirements 
Detailed system requirements are available in Annex I – I. Table 15 shows the mass, 
volume required power and generated heat for each subsystem of this scenario and 
the total system requirements.  These will allow calculating the Figures of Merit in the 
next section. 
 
Mass 
 [kg] 
Volume 
 [m3] 
Power  
[kW] 
Heat Generated  
[kW] 
ECLSS 1448 6,3 8,9 6,6 
ECLSS Tanks 1761 14,2   
Initial Supplies 
Water 25    Nitrogen 530    Oxygen 10    Food 2000    
Fuel 
Fuel Tanks 4447 9,1   Methane 1125    Oxygen 3525    
TOTAL 14871 29,6 8,9 6,6 
Table 15. Scenario 1 requirements 
4.2.4. Figures of Merit 
After all parameters of the non-ISRU mission simulation have been analysed, the three 
figures of merit are calculated. ESM calculus is made in Table 16 and its distribution 
shown in Figure 23. 
 Value 
Equivalence Factor 
[-], [m3/kg] or 
[kW/kg] 
Equivalent Mass 
[kg] 
ECLSS 
System 
Mass [kg] 1448 1 1448 
Volume [m3] 6,3 215,5 1349,7 
Power [kW] 8,9 228 2040,1 
Heat [kW] 6,6 146 969,3 
Tanks Mass [kg] 6208 1 6208 Volume [m3] 23,3 215,5 5025,5 
Supplies Mass [kg] 7215 1 7215 
ESM    
24256 
Table 16. ESM for Scenario 1 
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Figure 23. ESM distribution in Scenario 1 
 
In Figure 23, it is shown that the most costly parameters for this mission are the system 
mass, the volume of the tanks and the tanks mass.  
 
FM2 is the relation between the mass of useful propellant produced to the mass of the 
ISRU system and FM3 the relation between the mass propellants needed for the return 
trip and the mass of the ISRU system. Consequently, both FM2 and FM3 cannot be 
calculated, as this is a non-ISRU mission. 
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4.3. Scenario 2: ECLSS + Sabatier/Electrolysis 
As already explained, the mission can be divided into two phases, the ISRU-phase, 
and the manned-mission phase. However, to compare systems, the two phases will be 
considered as one mission.  
 
It is important to mention that ISRU systems are only sent once but can produce 
supplies for many other missions, though the capacity to be reused will be an important 
advantage for ISRU cases. For other missions, only supplies, their tanks and tanks for 
the produced fuel will be sent to Mars. 
 
4.3.1. ECLSS + S/E. Option 1 
4.3.1.1. Tanks Evolution 
In the first part of the mission only ISRU systems production intervenes. This 
generation will stop when the necessary oxygen for the return trip plus a certain 
amount for life support purpose are produced. This first part of the mission will last 
22.74 months. In Figure 24 and Figure 25, the evolution in the generation of fuel, both 
in methane and oxygen tanks can be seen. When enough oxygen for fuel has been 
produced, it starts filling the life supply oxygen tank.  
 
Mars water is electrolysed to obtain hydrogen and oxygen, and all water obtained from 
Sabatier is stored into the clean water tank from the ECLSS system. Once this water 
tank reaches the 15kg, this water is electrolyzed as well. The clean water tank for 
ECLSS has only 15kg, which will be used for human life support.  
 
The necessary amounts of carbon dioxide and water from Mars are exposed in Table 
17 as well as the mass of the consumables obtained from them.  
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Figure 24. Scenario 2 (option 1) ISRU tanks evolution (1/2) 
 
 
Figure 25. Scenario 2 (option 1) detail of ISRU tanks evolution (2/2) 
 
 Initial [kg] Final [kg] 
Produced 
CH4 0 125 
Fuel O2 0 3525 
Life O2 0 50 
H2 0 14237 
H2O 0 14 
Mars Resources 
CO2  344 
H2O 
 
31907 
Table 17. Scenario 2, option 1 ISRU tanks and Mars resources needed 
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Concerning the ECLSS system, as some supplies will be already available, its structure 
will change from the non-ISRU mission (as seen in section 3.3.2). The evolution of the 
ECLSS tanks is shown in Figure 26 (displaying the hydrogen tank) and Figure 27 and 
Figure 28 (the rest of the tanks). The initial and final values of each consumable tank 
are specified in Table 18. Only the hydrogen needed will be stored in the hydrogen 
tank, the other will be released in the Mars atmosphere.  
 
 
Figure 26. ECLSS H2 Tank evolution in Scenario 2, option 1 
 
 
 
Figure 27. ECLSS tanks evolution in Scenario 2, option 1 (1/2) 
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Figure 28. ECLSS tanks evolution in Scenario 2, option 1 (2/2) 
 
 
Tanks Initial [kg] Final [kg] 
C 0 0 
CH4 125 1364 
CO2 0 0,0074 
H2 14237 14004 
N2 500 18 
O2 50 59 
Brine 0 0,0025 
H2O 14 37 
Dirty H2O 0 0,13 
Feces 0 582 
Food 2000 189 
Table 18. Scenario 2, option 1 ECLSS tanks final and initial values 
 
As seen in Table 18, in this configuration carbon is not produced by the ECLSS, and no 
tank is needed in this case.  
 
4.3.1.2. Supplies needed 
As already explained, an advantage of the in-situ resource utilization in the Mars 
surface is avoiding the need of bringing supplies from Earth. Regarding tanks’ evolution 
it is clear that just nitrogen and food must be carried from Earth as the other supplies 
are obtained from Mars surface.  
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The main difference between this option and the non-ISRU option is the ability to 
produce the return-trip fuel, avoiding the need to bring it from Earth. 
 
Element 
Mass 
needed 
[kg] 
Mass 
supplied 
[kg] 
N2 482 530 
Food 1811 2000 
Table 19. Scenario 2, option 2 supplies 
 
4.3.1.3. Subsystems requirements 
Table 20 is a briefing of this first option subsystems requirement.  
 
Detailed information for each subsystem requirements is available in Annex I – II.  
 
 
 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
ISRU System 2692 70,7 23 0,2 
ECLSS System 1379 5,5 8,5 6,5 
Tanks 8625 28,2     
Initial Supplies 
N2 530    Food 2000    
TOTAL 15225 104,4 31,5 6,5 
Table 20. Requirements of Scenario 2, option 1 
 
4.3.1.4. Figures of Merit 
The ESM calculus is displayed in Table 21, and the values for FM2 and FM3 in Table 
22.  
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 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 2692 1 2692 
Volume [m3] 70,7 215,5 15230,5 
Power [kW] 23 228 5236,7 
Heat [kW] 0,2 146 29,2 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,5 228 1938 
Heat [kW] 6,5 146 948,1 
Tanks Mass [kg] 8625 1 8625 Volume [m3] 28,2 215,5 6082,1 
Supplies Mass [kg] 2530 1 2530 
ESM    45867 Table 21. ESM for Scenario 2, option 1 
 
Figure of Merit  Units 
ESM 45838 kg 
FM2 1,36 - 
FM3 1,52 - 
Table 22. Figures of Merit of Scenario 2, option 1 
 
The distribution of the different subsystems requirements in ESM is displayed in Figure 
29. On it, the importance of the volume of the ISRU system and the tanks mass can be 
observed, representing the 33% and the 19%, respectively. 
 
Figure 29. ESM distribuition in Scenario 2, option 1  
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4.3.2. ECLSS + S/E. Option 2 
4.3.2.1. Tanks Evolution 
In option 2, during the ISRU phase, the Sabatier Reactor stops running once all 
methane is produced. The water electrolyser works until all oxygen fuel plus 25kg of 
oxygen for life support are produced. The whole process needs 22.58 months.  
 
The system uses carbon monoxide from Mars atmosphere and water extracted from 
the planet. Water produced by Sabatier Reactor is used to fill a tank for the ECLSS until 
it has 15kg. The rest is used for producing hydrogen and oxygen as if it was Mars 
water. 
 
Tanks evolution is shown in Figure 30 and Figure 31. Hydrogen tank is displayed 
despite it has been considered that all of that is released in the atmosphere. 
 
 
 
Figure 30. ISRU Tanks Evolution in Scenario 2, option 2 
 
In Figure 31, water mass is oscillating around 15kg due to the fixed condition of using 
all water coming from the SR to be electrolysed if there is was more than 15kg. Once 
methane production is stopped because the goal has been achieved, the SR stops and 
the water mass inside the life supply tank are fixed.  The rest of the needed oxygen is 
obtained from the Mars water electrolysis.  
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Figure 31. ISRU Tanks Evolution in Scenario 2, option 2 
 
Produced values and resources needed are exposed in Table 23.  
 
 Initial [kg] Final [kg] 
Produced 
CH4 0 1125 
Fuel O2 0 3525 
Life O2 0 25 
H2 0 13637 
H2O 0 14 
Mars Resources 
CO2  11378 
H2O 
 
29432 
Table 23. Elements produced and Resources needed in Scenario 2, option 2 
 
From now on, on the ECLSS tank evolution, all hydrogen produced during the ISRU 
phase will not be displayed as it has been considered that it is released. A 5kg initial 
hydrogen tank has been contemplated as a first input in the second phase of the 
mission. Figure 32, Figure 33 and Figure 34 show the tank evolution, and Table 24 
specifies its final and initial values.  
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Figure 32. ECLSS Tanks Evolution in Scenario 2, option 2 (1/3) 
 
 
 
Figure 33. ECLSS Tanks Evolution in Scenario 2, option 2 (2/3) 
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Figure 34 ECLSS Tanks Evolution in Scenario 2, option 2 (3/3) 
 
 
Tanks Initial [kg] Final [kg] 
C 0 809 
CH4 1125 1178 
CO2 0 0,0026 
H2 5 41 
N2 500 17,52 
O2 25 34 
Brine 0 0,0025 
H2O 14 37 
Dirty H2O 0 0,13 
Feces 0 582 
Food 2000 189 
Table 24. Initial and final values of the ECLSS tanks in Scenario 2, option 2 
 
During the duration of the human mission about 50kg of methane are produced and 
stored at the same tank as fuel methane, in order to obtain some extra supply for the 
return trip.  
 
4.3.2.2. Supplies needed 
As water is available on Mars, there is no need to bring extra-required elements to use 
the ISRU system. It is not required to bring any propellant either, as methane and 
oxygen can be produced in-situ.  
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The only supplies needed are those who cannot be found on Mars for supplying the 
human mission: food and nitrogen (Table 25).  
 
Element 
Mass 
needed 
[kg] 
Mass 
supplied 
[kg] 
N2 482 530 
Food 1811 2000 
Table 25. Supplies needed in Scenario 2, option 2 
 
 
4.3.2.3. Subsystems requirements 
Subsystems requirements in this scenario are shown in Table 26. Detailed information 
for each subsystem is available in Annex I – III.  
 
 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
ISRU System 2812 70,7 23 0,4 
ECLSS System 1293 3,8 8,4 6,1 
Tanks 6615 25,5     
Initial Supplies 
N2 530    Food 2000    
TOTAL 13249 100 31,4 6,5 
Table 26. Briefing of all requirements in Scenario 2, option 2 
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4.3.2.4. Figures of merit 
After all simulation requirements have been identified, figures of merit have been 
determined (Table 27 and Table 28). 
 
 
 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 2812 1 2812 
Volume [m3] 70,7 215,5 15230,5 
Power [kW] 23 228 5236,7 
Heat [kW] 0,42 146 61,32 
ECLSS System 
Mass [kg] 1293 1 1293 
Volume [m3] 3,9 215,5 832,5 
Power [kW] 8,4 228 1923,5 
Heat [kW] 6,1 146 894,5 
Tanks Mass [kg] 6615 1 6615 Volume [m3] 25,5 215,5 5500,2 
Supplies Mass [kg] 2530 1 2530 
ESM    
42928 
Table 27. ESM of Scenario 2, option 2 
 
 
Figure of Merit  Units 
ESM 42867 kg 
FM2 1,652 - 
FM3 1,45 - 
Table 28. Figures of Merit of Scenario 2, option 2 
 
 
The most important factors of ESM are ISRU volume and tanks mass, which 
represents the 35% and the 15% of the whole ESM (Figure 35). Despite that, it is 
important to remark that the weight of the tanks in ESM has decreased versus its 
importance in option 1. 
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Figure 35. ESM distribution in Scenario 2, option 2 
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4.4. Scenario 3: ECLSS + RWGS 
4.4.1. Tanks Evolution 
In simulation 3 method’s section, a combination of oxygen and hydrazine propellant 
has been chosen. As hydrazine must be brought from Earth, the ISRU system must 
produce oxygen and store carbon monoxide until enough oxygen is available for the 
return trip. An extra production of oxygen has been considered as life supply to avoid 
the need of bringing it and an over-production of oxygen for fuel has been 
contemplated as well for safety reasons.  
 
Figure 36, Figure 37 and Figure 38 represent the evolution of ISRU tanks during the 
21.75 months before human mission. That is the period needed for producing 90kg of 
extra oxygen for life supply once all fuel oxygen has been obtained.  
 
 
 
Figure 36. Scenario 3 ISRU Tanks Evolution (1/3) 
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Figure 37. Scenario 3 ISRU Tanks Evolution (2/3) 
 
 
Figure 38. Scenario 3 ISRU Tanks Evolution (3/3) 
 
CO mass obtained is considerable. If carbon monoxide cannot be released into Mars’ 
environment, any utility should be found for carbon monoxide, for example as fuel for 
the surface vehicles. The amount of initial water required is to produce hydrogen in 
order to avoid the need of bringing it from Earth, as hydrogen storage is more 
complicated than water’s.  
 
 
 -79- 
 Initial [kg] Final [kg] 
Produced 
CO 0 6282 
Fuel O2 0 3500 
Life O2 0 90 
Needed for reaction 
H2O 10 9,7 
H2 0 0,03 
Mars Resources 
CO2  9873 Table 29. Scenario 3 ISRU tanks 
 
 
Concerning the ECLSS subsystem, as already seen, initial values of water and oxygen 
tanks are fixed by ISRU production. In Figure 39, Figure 40 and Figure 41 the evolution 
of the ECLSS tanks during the 539 days of human mission can be seen. In Table 30 a 
trade of the tank capacity in final and initial moment is displayed.  
 
 
Figure 39. Scenario 3 ECLSS Tanks Evolution (1/3) 
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Figure 40. Scenario 3 ECLSS Tanks Evolution (2/3) 
 
 
 
Figure 41. Scenario 3 ECLSS Tanks Evolution (3/3) 
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Tanks Initial [kg] Final [kg] 
C 0 897 
CH4 0 0,0015 
CO2 0 118 
H2 0,03 77 
N2 500 18 
O2 90 23 
Brine 0 0,0025 
H2O 9,7 22 
Dirty H2O 0 0,127 
Feces 0 582,12 
Food 2000 188,96 
Table 30. Scenario 3 ECLSS Tanks (detailed) 
 
About 900kg of carbon are produced by the PYRO subsystem during the human 
mission. This subsystem is needed to decompose methane into carbon and hydrogen, 
avoiding the need of bringing hydrogen from the Earth. This mass of carbon cannot be 
reused, thus a huge must be stored due to environmental preserving reasons. Not all 
the carbon dioxide is reacted, as there is no problem to release it into the atmosphere 
(CO2 is its main component), only a 60kg tank for carbon dioxide storage will be 
considered in order to be able to use it in the ECLSS Sabatier Reactor.  
 
4.4.2. Supplies needed  
Apart from food and nitrogen, as a combination of hydrazine and oxygen has been 
chosen as propellant in this case, 1560kg of it will be brought from Earth. This would 
not be necessary if a combination of carbon monoxide and oxygen would be the 
propellant used, but it has not been considered in this study. As seen in Table 31, 10kg 
of water will also be supplied to the mission.  
 
Element 
Mass 
needed 
[kg] 
Mass 
supplied 
[kg] 
N2 482 530 
Food 1811 2000 
Hydrazine 1415 1560 
Water 0,3 10 
Table 31. Scenario 3 supplies 
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4.4.3. System requirements 
It is clear that case 2 is the most favourable for this option, as carbon monoxide 
storage is an important constrain. It should be studied in the future if realising carbon 
monoxide in an option if this is the chosen ISRU system. The briefing of the total 
requirements is shown in Table 32.  
 
 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
ISRU System 62 1,2 1,6 0,2 
ECLSS System 1379 5,5 8,4 6,4 
Tanks case 1 21941 47,2   
Tanks case 2 3941 19,2   
Initial Supplies 
N2 530    Food 2000    Water 10    
Fuel 
Hydrazine 1415    
TOTAL case 1 27337 53,9 10 6,6 
TOTAL case 2 9337 25,9 10 6,6 
Table 32. System Requirements in Scenario 3 
 
It is clear that case 2 is the most favourable for this option, as carbon monoxide 
storage is an important constrain. It should be studied in the future if realising carbon 
monoxide in an option if this is the chosen ISRU system.  
 
4.4.4. Figures of Merit  
ESM for each case is different as the tanks’ mass and volume change drastically 
(Table 33 and Table 34). In the graphs displaying ESM distribution for the different two 
cases (Figure 42 and Figure 43) how penalizing are the tanks, especially in case 1, 
where they represent the 52% of the ESM.  
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 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 62 1 62 
Volume [m3] 1,2 215,5 261,3 
Power [kW] 1,6 228 355,7 
Heat [kW] 0,16 146 23,36 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,4 228 1924 
Heat [kW] 6,4 146 940,8 
Tanks Mass [kg] 21941 1 21941 Volume [m3] 47,2 215,5 10169,4 
Supplies Mass [kg] 3955 1 3955 
ESM    
42189 
Table 33. ESM for Scenario 3, case 1 
 
 
 
 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 62 1 62 
Volume [m3] 1,2 215,5 261,3 
Power [kW] 1,6 228 355,7 
Heat [kW] 0,16 146 23,36 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,4 228 1924 
Heat [kW] 6,4 146 940,8 
Tanks Mass [kg] 3938 1 3938 Volume [m3] 19 215,5 4113,9 
Supplies Mass [kg] 3970 1 3970 
ESM    
15502 
Table 34. ESM for Scenario 3, case 2 
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Figure 42. ESM distribution in Scenario 3, case 1 
 
 
 
 
Figure 43. ESM distribution in Scenario 3, case 2 
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Figures of Merit for cases 1 and 2 are exposed in Table 35. For FM3 a total of 4087kg 
of fuel for the non-ISRU mission has been considered, being the mixture of methane 
and oxygen taken in Simulation 1. The mass of the ISRU system considered does not 
include tanks’ mass and the production is the same in both cases, consequently FM2 
and FM3 are the same in all the two cases.  
 
 
Figure of Merit  Units 
ESM, case 1 42165 kg 
ESM, case 2 15478 kg 
FM2 56,31 - 
FM3 65,75 - 
Table 35. Figures of Merit for Scenario 3, case 1 
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4.5. Scenario 4: ECLSS + SOE 
As in the previous scenario, a hydrazine/oxygen propellant has been considered for 
this mission. The SOE system keeps running until obtaining the amount of oxygen 
needed for the return trip fuel plus 90kg extra for living supplies.  
 
The same two cases for the carbon monoxide problematic will be exposed in this 
scenario.  
 
4.5.1. Tanks Evolution 
In Figure 44 and Figure 45 the tank evolution during the 21.75 months that are needed 
to produce all the oxygen required is displayed and the production values are specified 
in Table 36.  
 
 
Figure 44. ISRU tanks evolution in Scenario 4 (1/2) 
 
 -87- 
 
Figure 45. ISRU tanks evolution in Scenario 4 (2/2) 
 
 
 
 
Mass  
[kg] 
Produced 
Fuel CO 6283 
Fuel O2 3500 
Life O2 90 
Mars Resources 
CO2 9873 
Table 36. Scenario 4 ISRU tanks 
 
Concerning the ECLSS system, in this configuration, its evolution is shown in Figure 
46, Figure 47 and Figure 48. The initial and final values of the ECLSS tanks are 
identified in Table 37.  
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Figure 46. ECLSS tanks Evolution in Scenario 4 (1/3) 
 
 
Figure 47. ECLSS tanks Evolution in Scenario 4 (2/3) 
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Figure 48. ECLSS tanks Evolution in Scenario 4 (3/3) 
 
Tanks Initial [kg] Final [kg] 
C 0 897 
CH4 0 0,0015 
CO2 0 118 
H2 5 82 
N2 500 18 
O2 90 23 
Brine 0 0,0025 
H2O 25 38 
Dirty H2O 0 0,13 
Feces 0 582 
Food 2000 189 
Table 37. ECLSS tanks evolution in Scenario 4 
 
4.5.2. Supplies needed  
The main difference between the RWGS and SOE is that no initial supplies are needed 
in order to start the reaction. The supplies needed are only those for life maintaining 
and hydrazine as propellant. These amounts are presented in Table 38.  
 
Element Mass needed [kg] Mass supplied [kg] 
N2 482 530 
Food 1811 2000 
Hydrazine 1415 1560 
Water - 25 
Table 38. Supplies needed in Scenario 4 
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4.5.3. System requirements 
Detailed tables of the system requirements for this scenario are available in Annex I – 
V.  A briefing of these requirements is exposed on Table 39.  
 
 Mass [kg] Volume [m
3] Power [kW] Heat Generated [kW] 
ISRU System 42 0,5 2,3 0,02 
ECLSS System 1379 5,5 8,4 6,4 
Tanks case 1 21938 47,1   
Tanks case 2 3938 19,1   
Supplies needed 
N2 530    Food 2000    
Water 25    
Fuel 
Hydrazine 1415    
TOTAL case 1 27328 53,1 10,7 6,4 
TOTAL case 2 9329 25,1 10,7 6,4 
Table 39. System Requirements of Scenario 4 
 
4.5.4. Figures of Merit  
ESM has been calculated for both cases and it is shown in Table 40 and Table 41. 
 
 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 42 1 42 
Volume [m3] 0,5 215,5 107,8 
Power [kW] 2,3 228 525,3 
Heat [kW] 0,02 146 2,9 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,4 228 1924 
Heat [kW] 6,4 146 940,8 
Tanks Mass [kg] 21938 1 21938 Volume [m3] 47,1 215,5 10147,9 
Supplies Mass [kg] 3970 1 3970 
ESM    
42155 
Table 40. ESM for Scenario 4, case 1 
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 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 42 1 42 
Volume [m3] 0,5 215,5 107,8 
Power [kW] 2,3 228 525,3 
Heat [kW] 0,02 146 4,56 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,4 228 1924 
Heat [kW] 6,4 146 940,8 
Tanks Mass [kg] 3938 1 3938 Volume [m3] 19 215,5 4113,9 
Supplies Mass [kg] 3970 1 3970 
ESM    
18121 
Table 41. ESM for Scenario 4, case 2 
 
 
In Figure 49 and Figure 50 it can be observed how important the tanks in ESM are. 
Case 2, where releasing gases has been considered, is more favourable in terms of 
ESM.  
 
 
Figure 49. ESM distribution in Scenario 4, case 1 
 
 -92- 
 
Figure 50. ESM distribution in Scenario 4, case 2 
 
 
Figures of Merit FM2 and FM3 are shown in Table 42 together of the ESM of each 
case. As FM2 and FM3 do not consider the tanks they are the same for all cases. 
 
 
Figure of Merit  Units 
ESM, case 1 42152 kg 
ESM, case 2 18118 kg 
FM2 82,63 - 
FM3 96,48 - 
Table 42. Figures of Merit of Scenario 4 
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4.6. Scenario 5: ECLSS + S/E + RWGS 
The main purpose of using this combination of these two ISRU systems is the 
possibility of using a methane/oxygen propellant without using Mars water. This is 
interesting if Mars water cannot be used.  
 
In this case, the combined ISRU system should be sent at least 31.81 months prior to 
the human mission in order to produce all methane and oxygen required for the return 
trip.  
 
Like in the RWGS case, the two options concerning the storing of CO will be exposed 
in this section.  As it will be seen, oxygen presents an over-production as well, 
therefore, the same both cases will be applied to this element.  
 
4.6.1. Tanks Evolution 
The previous time conditioning in this simulation is the methane that must be produced 
as propellant for the return trip. As seen in Figure 51, methane production (done by 
Sabatier) is lineal and ascendant. The water electrolyser works as hydrogen is needed, 
producing oxygen for fuel and for life support.  When enough oxygen for propellant use 
is produced, life support oxygen tank starts receiving all this extra produced oxygen.  
 
The RWGS system helps producing extra water for being electrolysed. With that, it also 
produces a high amount of carbon monoxide. This carbon monoxide, combined with 
the extra amount of oxygen produced, could be used as propellant for surface vehicles. 
That is a great difference with the last two cases, where despite a huge amount of 
carbon monoxide was produced, there was no oxygen to be reacted with. Two cases 
will be considered:  
(1) carbon monoxide and extra oxygen are stored to be used as propellant, 
(2) carbon monoxide and oxygen will be released into the Mars atmosphere, 
assuming there is not a problem with the environmental preservation in that 
second case.  
 
As almost all water will have been electrolysed after the only ISRU phase, an extra 
supply of 10kg will be provided at the beginning of the human mission.  
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Produced resources and needed amounts for this ISRU phase are specified in Table 
43.  
 
 
Figure 51. ISRU tanks evolution in Scenario 5 
 
 Initial [kg] Final [kg] 
Produced 
CO 0 5053 
Fuel O2 0 3525 
Life O2 0 2129 
Needed for reaction 
H2 280 0,81 
H2O 300 0,14 
Mars Resources 
CO2  11378 Table 43. ISRU resources specifications in Scenario 5 
 
Concerning the ECLSS tanks, its evolution is similar to all previous cases. Figure 52, 
Figure 53 and Figure 54 show the evolution of the ECLSS tanks. In Figure 52, it is 
possible to notice the already commented extra produced oxygen for life support, and 
more than 2000kg are not required for human life support. In Table 44, final and initial 
values are specified.  
 
During the human mission phase, some extra methane is produced and stored in the 
methane fuel tank. 
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Figure 52. ECLSS tanks evolution in Scenario 5 (1/3) 
 
 
Figure 53. ECLSS tanks evolution in Scenario 5 (2/3) 
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Figure 54. ECLSS tanks evolution in Scenario 5 (3/3) 
 
 
 
Tanks Initial [kg] Final [kg] 
C 0 808 
CH4 1250 1303 
CO2 0 0,007 
H2 0,81 37 
N2 500 18 
O2 2129,30 2139 
Brine 0 0,0025 
H2O 10,14 33 
Dirty H2O 0 0,13 
Feces 0 582 
Food 2000 189 
Table 44. ECLSS tanks specifications in Scenario 5 
 
 
4.6.2. Supplies needed  
Apart from nitrogen and food, for the ISRU phase, hydrogen and water supply will be 
required. In the ECLSS phase, 10kg of water will be provided. These values are 
specified in Table 45.  
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Element Mass needed  [kg] 
Mass supplied 
[kg] 
N2 482 530 
Food 1811 2000 
H2 280 280 
Water 
(ISRU phase) 300 300 
Water  
(ECLSS phase) - 10 
Table 45. Supplies needed in Scenario 5 
 
 4.6.3. System requirements 
Tables including detailed information of the subsystems’ requirement of this scenario 
are available in Annex I – VI.  
 
The overall system requirements are exposed in Table 46.  
 
 Mass [kg] Volume [m
3] Power [kW] Heat Generated [kW] 
ISRU System 104 1,9 3  0,4 
ECLSS System 1379 5,5 8,5 6,5 
Tanks case 1 27720 54,2     
Tanks case 2 9140 29,1     
Supplies needed 
N2 530    Food 2000    Hydrogen 280    
Water 310    
TOTAL case 1 32323 61,5 11,5 6,9 
TOTAL case 2 13743 36,4 11,5 6,9 
Table 46. Scenario 5 system requirements 
 
 
4.6.4. Figures of Merit  
The ESM has been calculated for each case and it is displayed in Table 47 and Table 
48 for cases 1 and 2, respectively. Once again, in the ESM distribution it can be seen 
how important the possibility of releasing gases is. In case 1 (Figure 55), tanks mass 
represents the 56% of the ESM. In case 2 (Figure 56), it represents the 36%.  
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 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 104 1 104 
Volume [m3] 1,9 215,5 406,8 
Power [kW] 3 228 692,2 
Heat [kW] 0,37 146 54,3 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,5 228 1938 
Heat [kW] 6,5 146 948,1 
Tanks Mass [kg] 27720 1 27719,7 Volume [m3] 54,2 215,5 11678,6 
Supplies Mass [kg] 3120 1 3120 
ESM    
49217 
Table 47. ESM for Scenario 5, case 1 
 
 
 
 Value 
Equivalence Factor 
[-], [m3/kg] or [kW/kg] Equivalent Mass [kg] 
ISRU System 
Mass [kg] 104 1 104 
Volume [m3] 1,9 215,5 406,8 
Power [kW] 3 228 692,2 
Heat [kW] 0,37 146 54,3 
ECLSS System 
Mass [kg] 1379 1 1379 
Volume [m3] 5,5 215,5 1177,3 
Power [kW] 8,5 228 1938 
Heat [kW] 6,5 146 948,1 
Tanks Mass [kg] 9140 1 9140 Volume [m3] 29,1 215,5 6269,5 
Supplies Mass [kg] 3120 1 3120 
ESM    
25228 
Table 48. ESM for Scenario 5, case 2 
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Figure 55. ESM distribution for Scenario 5, case 1 
 
 
Figure 56. ESM distribution for Scenario 5, case 2 
 
All three figures of merit calculated in this scenario are displayed in  
Table 49. 
 
 
Table 49. Figures of Merit of Scenario 5 
Figure of Merit  Units 
ESM, case 1 49164 kg 
ESM, case 2 25175 kg 
FM2 33,84 - 
FM3 39,24 - 
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4.7. Comparison of Scenarios 
Comparing the figures of merit established at the beginning and calculated for every 
configuration will allow identifying the more convenient scenario for the fixed objective.  
The selected option will be the one that offers a better overall performance for one 
single mission and for the three-mission set. A trade of the different options will be 
made and decisions should be taken after further studies and in-situ demonstrations.  
 
In the initial approach cases 2 from Scenario 3, 4 and 5 will not be considered as it has 
been assumed that toxic gases are released into Mars atmosphere. It must be 
remembered that propellant chosen for Scenario 3 and 4 is a mixture of oxygen and 
hydrazine. If a carbon monoxide/oxygen would be used as fuel for the return trip it 
should be stored anyway (case 1 for both).   
 
Figure 57 compares the ESM for all configurations in the simulations done (one single 
mission). For 1 mission, and discarding cases 2 for scenarios 3, 4 and 5, the most 
suitable system is Scenario 1. 
 
Figure 57. Comparison of ESM for all scenarios 
 
For one mission, using only ECLSS (Scenario 1) is the best option, as the use of ISRU 
technologies increases the ESM of the mission, if some gases cannot be released.  
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Figure 58. ESM for 1, 2, 3, 5 and 10 missions 
 
For more than one mission (Figure 58) this situation changes. The option 2 of Scenario 
2 is the most adequate configuration for 5 missions or more, due to reusing of the ISRU 
technology. For 4 missions, the difference between Scenario 1 and Scenario 2 option 2 
is 3000kg but Scenario 1 is still the best solution. In both options of the second 
scenario hydrogen is being released to the atmosphere, which has been assumed to 
be possible. However, if further studies demonstrated that it exists a conflict with Mars 
environment, these two configurations should be discarded and the use of only-ECLSS 
would be again the most suitable option.  
 
Even if Scenario 2 is the most suitable option if carbon monoxide must be stored, the 
availability of such an important amount of water near the place of interest and the 
effort needed for extracting it should be considered for each specific mission.  
 
Concerning cases 2 from Scenarios 3, 4 and 5, they are attractive options only if 
carbon monoxide (and oxygen in Scenario 5) can be released. Between them, case 2 
from Scenario 3 (RWGS) is the best option for 1 to 5 missions. For more than 5 
missions, case 2 from Scenario 4 (SOE) presents a lower value of ESM.  The feasibility 
of these options must be studied by in-situ testing to find out if there is any impact into 
the Martian environment due to gas releasing.  
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Figure 59. ESM for 3 missions 
 
For the three-mission set considered from the beginning, the ESM is displayed in 
Figure 59. If only these three missions are planned and toxic gases cannot be released 
into Mars atmosphere, bringing all the consumables from Earth appears to be the best 
option. If more than three missions are planned, as already seen, ISRU technologies 
will decrease the cost of the mission.  
 
SOE and RWGS ISRU technologies present a lower development level rather than the 
Sabatier Reactor. Future investigations and technology advance must be conducted in 
order to see its real implementation.   
 
FM2 is the relation between the mass of useful propellant produced to the mass of the 
ISRU system and FM3 the relation between the mass propellants needed for the return 
trip and the mass of the ISRU system (Table 50). Its value may be useful to compare 
the different options in terms of production. However, none of them give the approach 
in terms of mass cost that the ESM does.  
 
 Scenario 1 
Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Option 1 Option 2 Case 1 Case 2 Case 1 Case 2 Case 1 Case 2 
FM2 n/a 1,36 1,652 56,31 56,31 82,63 82,63 33,84 33,84 
FM3 n/a 1,52 1,45 65,75 65,75 96,48 96,48 39,24 39,24 
Table 50. FM2 and FM3 values for all scenarios 
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FM2 is an approach to the effectiveness related to the mass of the ISRU system used 
in each case. This figure of merit shows that Scenario 2 is the one producing almost as 
much fuel as its mass, thus it is not really effective in that sense. However, as it has 
been already demonstrated, this parameter becomes meaningless when more than 3 
missions are planned.  
 
FM3, on the other hand, is the relation of the mass of propellants that should be 
brought from Earth to the mass of the ISRU system. As the ISRU system used in 
Scenario 2 is really heavy compared to the others (because of the water-extraction 
system), this is the one with the lowest value. For the same reason as in FM2, 
Scenario 2 cannot be discarded. 
 
To conclude, the final choice must be done under the following (but not limited) basis:  
• Capability of extracting water and its availability. 
• Possibility of releasing gases into Mars atmosphere (hydrogen in Scenario 2, 
oxygen in Scenario 5 and carbon monoxide for Scenarios 3, 4 and 5) 
• Number of planned missions 
• Propellant chosen for the return trip 
• Need of fuel for surface vehicles and cost of bringing it from the Earth (not 
considered in the study) 
• In-situ testing 
• Technology availability and reliability 
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5. Conclusions 
The results of this study prove that if five or more human missions are planned to Mars 
the application of ISRU technology is feasible and reduces the cost of the whole 
mission set.  
 
Future technological studies must be performed in order to accurate the cost of the 
mission and reduce it. If the aspiration is to use Mars Resources in a future mission, 
the investigation should enhance ISRU technologies. The ISRU technologies used in 
this thesis are in an experimental level, except for the Sabatier Reactor, which is 
already being used in the ISS but it has not been demonstrated in such a large scale.  
 
The resource acquisition systems are an important part in an ISRU mission, they 
represent an important percentage of its mass. On one hand, many possibilities exist 
for processing the carbon monoxide, where the most promising system is the cryo-
compressor. On the other hand, despite water extraction has not been treated in the 
study, the literature points it to be really costly in terms of mass and ESM, as it can be 
seen in the tables development (Annex I).   
 
Concerning the ECLSS, the different technologies used in this study are the more 
promising for a long-type mission regarding the literature. Some of them have been 
already tested in the ISS but others need more development and testing. Future 
studies should determine its particular application.  
 
Depending on the consumables desired, mainly the return trip fuel, the ISRU 
technology must be fixed. Sabatier Reactor produces methane, and SOE and RWGS 
produce carbon monoxide, which can be also used as fuel for the return trip. The 
structure of the habitat ECLSS will depend as well on the ISRU technology chosen, so 
this is an important point to consider at the beginning of a future design of a mission.  
 
Five different scenarios have been simulated. The first one, with no utilization of Mars 
resources turns out to be the best option if only three or less missions are planned with 
the technology available nowadays. However, if five or more missions are planned, the 
use of a Sabatier Reactor to obtain the return trip reduces the cost in terms of ESM of 
the whole set of missions.  
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In order to preserve the Mars environment, many in-situ tests have to be performed. 
These tests will determine which gases can be released or not into the atmosphere. In 
this study, it has been assumed that hydrogen could be released but it further 
investigations could conclude the opposite.   
 
In the same line, if carbon monoxide, considered toxic, does not affect the environment 
in the red planet, the discarded options of some ISRU technologies scenarios may 
intervene as more suitable options than the non-ISRU option, being more attractive in 
terms of ESM for 1 mission or more.  
 
The results of this study show that in this moment a future manned mission to Mars is 
really costly, and ISRU technology readiness is not as advanced as is needed to 
reduce the total cost by using Mars resources. Despite that, there is a high potential in 
the use of this technology for future planetary exploration.  
 
Further studies and more detailed mission designs have to be conducted before a 
human being can leave its footprint on Mars. 
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Annex I – Tables 
Subsystems requirements for each scenario are presented in this Annex. For each 
case, detailed ECLSS, ISRU and tanks requirements are presented in tables.  
 
Annex I – I – Scenario 1 
Table 51 is a briefing of every subsystem requirement in terms of power consume, heat 
generated, weight and volume for the ECLSS system used in the first scenario: only 
ECLSS. 
 
 
Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat 
Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 25 28,25 0,00014 0,3675 0,225 
SR 1 100 43 0,800 0,050 0,289 
SR 1 26,6 43 0,800 0,013 0,124 
PYRO 3 100 462 2,400 1,344 0,297 
CHX 1 100 96,161 0,500 0,705 0,000 
VPCAR 1 100 283 1,570 2,380 2,380 
AES 1 100 178 0,050 0,852 0,852 
TOTAL ECLSS - - 1448 6,3 8,9 6,6 
Table 51. Scenario 1 subsystems requirements 
 
 
The ECLSS System tanks are described in Table 52, whereas fuel tanks are shown in 
Table 53 (Adapted from [12]). Food mass has been estimated by increasing the food 
weight in 10% for taking the packaging mass under consideration, so total food mass is 
2200kg.   
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Component Storage Type Density [kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
Carbon Solid 2260 1000 155 0,44 
Methane HP 187 30 69 0,16 
Carbon dioxide HP  60 30 0,08 Hydrogen CR 70,97 85 850 1,2 
Nitrogen CR 530 530 364,64 0,7 
Oxygen CR 1141 20 12 0,02 
Brine Solid 1000 50 4 0,05 
Water Liquid 1000 150 4,71 0,15 
Dirty water Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255  200 9,02 
TOTAL ECLSS TANKS - - - 1761 14,2 
Table 52. Scenario 1 ECLSS tanks 
 
 
Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
Methane HP 187 1125 2594 6,02 
Oxygen CR 1141 3525 1853 3,1 
TOTAL 
FUEL 
TANKS 
- - 4650 4447 9,1 
Table 53. Scenario 1 fuel tanks 
 
Annex I – II – Scenario 2, option 1 
In scenario 2 a Sabatier reactor and a water electrolyser are used. 
 
Carbon dioxide and water acquisition intervene as a subsystem in this case. The 
acquisition and compressing of the carbon dioxide found in the atmosphere has been 
studied in section 2.3.a. Water acquisition has been estimated by values found in 
previous studies ([9] and [20]) and a balance system has been determined to provide 
control, thermal control and structural support to the ISRU system. Table 54 and Table 
55 show the ISRU and ECLSS subsystem requirements.  
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Component Mass [kg] Volume [m3] Power [kW] Heat [kW] 
2 Soil Excavators 1183 1,53 11,48 
 Soil/Water Extraction Plant 615 31,9 7,05 
 ISRU Atm. Processing Plant 445 23,11 0,61 0,2 
Balance System 448,6 14,135 3,828 
 TOTAL 2692 70,7 23 0,2 
Table 54. ISRU requirements of Scenario 2, option 1 
 
Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 25 113 0,00014 0,3675 0,225 
VPCAR 1 100 283 1,57 2,38 2,38 
AES 1 100 178 0,05 0,852 0,852 
Sabatier 1 100 43 0,8 0,05 0,289 
Sabatier 1 27 43 0,8 0,0135 0,07803 
PYRO 2 100 308 1,6 0,896 0,198 
CHX 1 100 96 1 1 0 
TOTAL     1379 5,5 8,5 6,5 
Table 55. ECLSS system requirements of Scenario 2, option 1 
 
In Table 56, tanks requirements are displayed. The main problem with this first option 
is the need of storing 250kg of hydrogen for using it during the human mission, in order 
to be able to produce methane for the return trip.  
 
Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
CH4 HP 187 1400 3220 7,47 
CO2 HP 750 10 5 0,013 
H2 CR 70,97 250 2500 3,5 
N2 CR 530 530 364,64 0,7 
O2 CR 1141 100 60 0,1 
Brine Solid 1000 50 4 0,05 
H2O Liquid 1000 50 44,48 1,4 
Dirty H2O Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255   200 9,02 
Fuel O2 CR 1141 3550 2155 3,59 
TOTAL    8625 28,2 
Table 56. Tanks requirements in Scenario 2, option 1 
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Annex I – III – Scenario 2, option 2 
ISRU requirements are specified in Table 57. They have been adapted from [9] and 
[20]. 
 
Component Mass [kg] Volume [m3] Power [kW] Heat [kW] 
2 Soil Excavators 1183 1,53 11,48  
Soil/Water Extraction Plant 615 31,9 7,05  
ISRU Atm. Processing Plant 545 23,11 0,61 0,4 
Balance System 468,6 14,135 3,828  
TOTAL 2812 70,7 23 0,4 
Table 57. ISRU subsystem specifications in Scenario 2, option 2 
 
The ECLSS system requirements are specified in Table 58. A Sabatier Reactor is not 
shown on the table, as the one from the ISRU system is reused. 
Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 25 113 0,00014 0,3675 0,225 
VPCAR 1 100 283 1,57 2,38 2,38 
AES 1 100 178 0,05 0,852 0,852 
PYRO 2 100 308 1,6 0,896 0,198 
CHX 1 100 96 1 1 0 
TOTAL   1293 3,9 8,4 6,1 Table 58. ECLSS requirements in Scenario 2, option 2 
Tank requirements are displayed in Table 59.  
Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
C Solid 2260 1000 155 0,44 
CH4 HP 187 1350 3105 7,2 
CO2 HP 750 10 5 0,013 
H2 CR 70,97 45 450 0,63 
N2 CR 530 530 364,64 0,7 
O2 CR 1141 100 60 0,1 
Brine Solid 1000 50 4 0,05 
H2O Liquid 1000 50 44,48 1,4 
Dirty H2O Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255   200 9,02 
Fuel O2 CR 1141 3550 2155 3,59 
TOTAL    6614,7 25,5 
Table 59. Tank Requirements in Scenario 2, option 2 
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Annex I – IV – Scenario 3 
A RWGS and a water electrolyser are used in this scenario. 
 
In Table 60, the system requirements for the RWGS and water electrolysis system are 
provided. As already explained, the Balance System is the one that gives control, 
structural support and thermal control to the ISRU system. ([9], [20] and [21]) 
 
The specifications of the ECLSS system are shown in Table 61.  
 
Component Mass [kg] Volume [m3] Power [kW] Heat [kW] 
RWGS 9,9 
0,97 
0,42 0,16 
WE 7,9 0,1  CO2 Acquisition 34 0,78  Balance System 10,36 0,2425 0,26  
TOTAL 62 1,2 1,6 0,16 
Table 60. ISRU specifications in Scenario 3 
 
Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 21 113 0,00014 0,3087 0,189 
VPCAR 1 100 283 1,57 2,38 2,38 
AES 1 100 178 0,05 0,852 0,852 
Sabatier 1 100 43 0,8 0,05 0,289 
Sabatier 1 22 43 0,8 0,011 0,06358 
PYRO 2 100 308 1,6 0,896 0,198 
CHX 1 100 96 1 1 0 
TOTAL   1378,8 5,5 8,4 6,4 Table 61. ECLSS specifications in Scenario 3 
 
 
As some tanks have been considered as shared for the two, they are displayed 
together in Table 62. The two cases concerning carbon monoxide storage are shown in 
the table as well. 
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Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
C Solid 2260 1000 155 0,44 
CH4 HP 187 30 69 0,16 
CO2 HP 750 60 30 0,08 
H2 CR 70,97 85 850 1,2 
N2 CR 530 530 364,64 0,7 
O2 CR 1141 100 60 0,1 
Brine Solid 1000 50 4 0,05 
H2O Liquid 1000 150 4,71 0,15 
Dirty H2O Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255  200 9,02 
CO HP 228,15 6300 18000 28 
Fuel O2 CR 1141 3510 2106 3,51 
Hydrazine   1415 26 1,4 
TOTAL case 1    21941 47,2 
TOTAL case 2    3941 19,2 Table 62. Tanks Requirements in Scenario 3 
 
Annex I – V – Scenario 4 
A SOE system is used in Scenario 4. Like in Scenario 3, two cases concerning the 
carbon monoxide storage have been considered. 
 
System requirements for this ISRU are specified in Table 63. Those requirements 
concerning the ECLSS and tanks needs are specified in Table 64 and Table 65, 
respectively. ([9] and [20]) 
 
 
Component Mass [kg] Volume [m3] Power [kW] Power [kW] 
SOE 1,3 0,4 1,14 0,02 CO2 Acquisition 34 0,78  Balance System 7,06 0,1 0,384  
TOTAL 42,4 0,5 2,3 0,02 
Table 63. ISRU requirements in Scenario 4 
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Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 21 113 0,00014 0,3087 0,189 
VPCAR 1 100 283 1,57 2,38 2,38 
AES 1 100 178 0,05 0,852 0,852 
Sabatier 1 100 43 0,8 0,05 0,289 
Sabatier 1 22 43 0,8 0,011 0,06358 
PYRO 2 100 308 1,6 0,896 0,198 
CHX 1 100 96 1 1 0 
TOTAL   1379 5,5 8,4 6,4 Table 64. ECLSS system requirements in Scenario 4 
 
 
Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
C Solid 2260 1000 155 0,44 
CH4 HP 187 30 69 0,16 
CO2 HP 750 60 30 0,08 
H2 CR 70,97 85 850 1,2 
N2 CR 530 530 364,64 0,7 
O2 CR 1141 100 60 0,1 
Brine Solid 1000 50 4 0,05 
H2O Liquid 1000 50 1,6 0,05 
Dirty H2O Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255  200 9,02 
CO HP 228,15 6300 18000 28 
Fuel O2 CR 1141 3510 2106 3,51 
Hydrazine   1415 26 1,4 
TOTAL case 1    21938 47,1 
TOTAL case 2    3938 19,1 Table 65. Tanks Requirements in Scenario 4 
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Annex I – VI – Scenario 5 
In Scenario 5 a combination of a RWGS and a Sabatier Reactor is used. System 
requirements for the ISRU phase are specified in Table 66; those from the human 
mission are in Table 67. ([9] and [20]) 
 
Component Mass [kg] Volume [m3] Power [kW] Heat [kW] 
RWGS 9,9 
0,97 
1,14 0,16 
WE 7,9   CO2 Acquisition 34 0,78  Sabatier Reactor 35 0,54 0,61 0,21 
Balance System 17,36 0,3775 0,506  
TOTAL 104 1,9 3 0,37 
Table 66. ISRU requirements in Scenario 5 
 
Component Quantity Operability  (%) 
Mass 
[kg] 
Volume 
[m3] 
Power 
[kW] 
Heat Generated 
[kW] 
EDC 2 100 88,8 0,1426 0,296 0,672 
SFWE 2 100 226 0,00028 2,94 1,8 
SFWE 1 25 113 0,00014 0,3675 0,225 
VPCAR 1 100 283 1,57 2,38 2,38 
AES 1 100 178 0,05 0,852 0,852 
Sabatier 1 100 43 0,8 0,05 0,289 
Sabatier 1 27 43 0,8 0,0135 0,07803 
PYRO 2 100 308 1,6 0,896 0,198 
CHX 1 100 96 1 1 0 
TOTAL     1379 5,5 8,5 6,5 
Table 67. ECLSS requirements in Scenario 5 
 
Concerning the tanks (Table 68), the two cases exposed before are shown in the table. 
They will be discussed in the conclusion section. It has been assumed that the water 
tank and the hydrogen tank used during the ISRU phase are the same as those used 
during the human mission; so one only tank is required for each component.  
 
For case 2, where oxygen and carbon monoxide are released into the Mars 
atmosphere, it has been considered that a 100kg tank is required for storing oxygen as 
life support.  
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Component Storage Type 
Density 
[kg/m3] 
Capacity 
[kg] 
Mass 
[kg] 
Volume 
[m3] 
C Solid 2260 1000 155 0,44 
CH4 HP 187 1350 3105 7,2 
CO2 HP 750 10 5 0,013 
H2 CR 70,97 300 3000 4,24 
N2 CR 530 530 364,64 0,7 
O2 case 1 CR 1141 2200 1320 2,2 
Brine Solid 1000 50 4 0,05 
H2O Liquid 1000 50 44,48 1,4 
Dirty H2O Liquid 1000 20 1 0,02 
Feces Solid 255 600 70,58 2,36 
Food Solid 255   200 9,02 
CO HP 228,15 6300 17320 23 
Fuel O2 CR 1141 3510 2130 3,55 
O2 case 2 CR 1141 100 60 0,1 
TOTAL case 1    27720 54,2 
TOTAL case 2    9140 29,1 Table 68. Scenario 5 tanks requirements 
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Annex II – Environmental Impact 
The ECLSS and ISRU systems are connected to the Mars atmosphere through mass 
flows exchanges. Therefore, it has an environmental impact on Mars. 
Recommendations to minimize its effects are stated in the guidelines of the Outer 
Space Treaty for planetary exploration. [22] 
 
During this study, the possibility of damaging the Mars environment has been very 
important for the final choice of the configuration.  
 
Firstly, it has been considered that air from the habitat is constantly leaked into the 
Mars atmosphere. This nitrogen, vapour water and oxygen released only represent a 
negligible mass so its impact on Mars environment is negligible.  
 
All carbon dioxide released into the Mars environment has not an impact on it since the 
Martian atmosphere is composed by a 96% of this element. Carbon dioxide acquisition 
does not represent any problem as it is extracted directly from the atmosphere.  
 
Carbon monoxide has been considered as a toxic gas, therefore all carbon monoxide 
produce by the ISRU technology is stored under the assumption that, if future studies 
demonstrate it does not damage the environment, it could be released.  
 
Hydrogen has been assumed to be inert with Mars environment, but as in the carbon 
monoxide case, if future studies demonstrate the opposite it will have to be stored as 
explained in the study.  
 
In one of the simulations (Scenario 5, case 2), oxygen is released as well to reduce 
tanks mass. Oxygen is not a toxic gas but its effect to Mars environment has to be 
determined.  
 
To reduce residuals in the Martian surface, all solid residuals such as carbon, plastics 
and solid waste will need to be stored in a proper way. Its impact would be negative to 
the Mars environment. In all scenarios considered, storing tanks have been design for 
this purpose.  
 
All water involved in the ECLSS system is treated and recycled. Water management is 
very efficient so no residuals are spread in the Mars environment.  
 
The higher environmental impact is the water extraction from the Mars surface. 
Therefore, an exhaustive plan of extraction will be necessary in order to evaluate and 
prevent all consequences derived.  
